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C ultures of keratinocytes fronl. uninvolved psoriatic skin 
have been shown to exhibit increased DNA synthesis. Since 
epidermal cell-derived thymocyte-activating factor (ET AF) 
can stimulate the proliferation of human keratinocytes in 
vitro, we have compared the form ation of ET AF in cul-
tured kera tinocytes from normal and uninvolved psoriatic 
skin. Trypsinized epidermal cells were plated at noncon-
fluent concentrations in dishes coated with a collagen type 
I gel. Normal keratinocyte cultures spontaneously released 
ET AF into the supernatant from day 1, reaching a maxi-
mum level (mean 124 ± 4 units/ fLg DNA) on day 7, just 
before the cultures became completely confluent (days 9-12). 
The ET AF release then gradually decreased until a plateau 
(mean 16 ± 7 units/ fLg DNA) was reached on day 18. 
[n normal keratinocyte cultures the incorporation of 
eH]thymidine into DNA changed in parallel with the ETAF 
T he synthesis of DNA by uninvolved psoriatic epi-dermis is increased both in vivo [1,2] and in vitro [3] . T he maintenance of increased DNA synthesis in vitro suggests that the abnormality is intrinsic to the pop-ulati on of epidermal keratinocytes . A potential factor 
underlyin g this abnormality is the epidermal cytokine epidermal 
cell thymocyte-activating factor (ET AF), which has been shown 
to stimulate the growth of human keratinocytes in vitro [4]. Re-
cently, an ET AF-like material has been identified in psoriatic scale 
[5]. Although cell types other than epidermal cell s may be sources 
of this ET AF-Iike material, this finding is compatible with the 
idea th at ET AF may be involved in the hyperprolifera tion of 
pso riatic epidermis. The purpose of this study was to determine 
whether ET AF formation and release is associated with the in-
creased DN A synthesis of cultured keratinocytes frolTl. unin-
volved psoriatic skin . 
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Abbreviation: 
ETAF: epidermal cell-derived thymocyte-activating fac tor 
release. Psoriatic keratinocytes had normal rates of ET AF 
release and of DNA synthesis until the time of culture 
confluency . However, when complete confluency was ob-
tained, psoriatic keratinocytes continued to synthesize DNA 
at high levels (increased by 146% on day 15) while their 
ET AF release declined . Analysis of intracellular ET AF 
showed a signiftcant correlation with the extracellular ET AF 
in cultures from both normal (r = 0.77, n = 10, p < 0.02) 
and uninvolved psoriatic skin (r = 0.76, n = 12, p < 0.01). 
These results indicate a relation between ET AF formation 
and DNA synthesis of normal keratinocyte cultures . How-
ever, factors other than ET AF appear to be responsible for 
the elevated DNA synthesis of confluent keratinocyte cul-
tures from uninvolved psoriatic skin. ] Invest D ermato! 88:8-
10, 1987 
MATERIALS AND ' METHODS 
Epidennal Keratinocyte Cultures Keratinocyte cultures were 
established as previously described [3] . Informed consent waS 
obtained from adult patients with untrea ted psorias is (skin in-
volvement < 10%) and from healthy volunteers without a history 
of skin disease. 
Keratome biopsy specimens were taken from buttock skin at 
least 30 cm from psoriatic lesions. The specimens were incubated 
with 0.25% trypsin in phosphate-buffered saline containing 5 mM 
glucose, pH 7.0, for 30-40 min at 37°C. Epidermis was separated 
from dermis, and 2 1111 of suspended epidermal cells (0.7 X 106 
trypan blue excluding cells per ml) were plated on 16-mm culture 
dishes precoated with a collagen type I gel (Vitrogen, Flow Lab-
oratories). Cells were incubated at 37°C in 100% humidity in 
95% air/5 CO2 environment. The mediulll (McCoy's SA sup-
plemented with 10% human type AB serum, 4 X 10 - 4 M V 
serine, 50 IU / ml penicillin , and 50 JLg / ml streptomycin) waS 
changed on days 1, 4, 7, 10, 12, 15, 18, 22, and 25. 
DNA synthesis was determined by [3H]thymidine WH]Tdr) 
in corpo ration into cultures pulsed for 6 h with 1 JLCi / ml [3H]Tdr 
(60 C i/mmol, N ew England Nuclea r) [6]. [3H]Thymidine in-
corporation measures DNA synthesis via the salvage pathway· 
The de novo pathway of DNA synthesis in these keratinocytC 
cultures is negligible [3]. 
Epidermal Cell-Derived Thymocyte-Activating Facto! 
The ET AF activity derived from cultured keratinocytes was de-
termined by measuring extracellular and intracellular cy tokinc 
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Table I. Concentrations of ET AF (units/ml) in Supernatants 
of C ultured Keratinocytes Derived From 
N ormal and Unin volved Psoriatic Epidermis 
~eratinocytes Day 1 Day 7 Day 9 
Normal 25 ± 4 168 ± 8 86 ± 6 
Uninvolved 33 ± 3 150 ± 8 97 ± 7 
psoriasis 
Va lues arc mean :!: SO (n = 10). Pso ri as is vs normal: not signifi cant. 
activity using the thymocyte proliferation assay. At each medium 
change the supernatant was collected. Then , the cells were scraped 
off in another 2 m1 of medium and sonicated (5 bursts at 1 s each) 
in an ice-wa ter bath . 
. Both the initial supernatant and the sonicated cells were cen-
tnfuged at 2000 g for 15 min. The cell-free supernatants containing 
eaher the ex tracellular or the intracellular fraction were dialyzed 
Overnight against 50 vol of RPMI ]640 and then steri lized by 
Millipore filtration. Samples were 'assayed for augmentation of 
lectin-induced thymocyte proliferation as previously described 
[7] . Activity was unitized by comparing test samples to a standard 
ETAF preparation [8,9]. 
Statistics Results were expressed as mean ± SD. To assess 
Statistical sign ificance, the Wilcoxon's rank-sum test for unpaired 
samples was used. Spearman 's coefficient of rank was applied in 
the correlation studies. 
RESULTS 
Epidermal cell-derived thymocyte-activating factor was present 
in culture supernatants from day]. M aximal concentrations were 
~btained on day 7. N o statistically signifi cant differen ce was found 
etween normal and psoriatic cultures (Table I) . In order to com-
pare ETAF formation and DNA synthesis, both values were ex-
pressed per microgram DNA in subseq uent experiments. The 
time courses of ETA F release by the cells into the supernatant 
~nd .the DNA synthesis of normal keratinocyte cultures are shown 
in Fig 1. There was a rapid release of ET AF and maximal release 
Was measured on day 7. The ET AF release then gradually de-
creased until a plateau was reached on day 18. This extracellul ar 
release (i.e., amount present in 2 ml supernatant) correlated sig-
(lificantl y (r = 0.77, n = 8, p < 0.02) with the intracellular content 
~.e ., amount present in lysed cells sus pended in 2 ml) (Fig 2). 
. he extracellul ar release was on average IS-fold higher than the 
intracellular content. The mean DNA synthesis of normal ke-
ratlllocyte cu ltures fluctuated in parallel with their mean ETAF 
r~lease (Fig 1). Using the mean values at 8 different time points, 
t ere Was a signifi cant correlation between ET AF release and 
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Figure 2. Relation between extracellular release of ET AF (i. e., amount 
in 2 ml of supernatant) and intracellular content of ETAF (i.e., amount 
in 2 ml of lysed cells) . This set of values was obtained at different time 
points from keratinocytes cultured from 1 normal person. 
DNA synthesis (r = 0.86, n = 8, p < 0.02). In this culture system 
cells became confluent on days 9-12. 
The release of ET AF by keratinocyte cultures derived from 
uninvolved psoriatic skin is shown in Fig 3. As was seen in the 
normal keratinocyte cultures, maximal release occurred on day 
7. Until this time the highest level of ETA F release by psoriati c 
cultures (128 units / /Lg DNA) was not statistically different from 
that of normal cu ltures. Intracdlular levels of ET AF in psoriati c 
cultures w ere similar to those of normal cultures (data not shown), 
and the correlation between ex tracellular and intracellular con-
tents was statisticall y significant (r = 0.76, n = ]2, p < 0.01). 
This correlation between intracellular and extracellular levels was 
present at all time points (data not shown). 
The DNA synthesis of psoriatic keratinocyte cultures (Fig 3) 
did not differ from that of normal keratinocytes until day] 0 (Fig 
1) . Unlike nOflnal cultures, the DN A synthesis of psoriatic cul-
tures remained high after cell con fluency (Fig 1). Thus, on day 
15 the mean DNA synthesis ofpsori.atic cultures was 140% greater 
than that of normal cultures (p < 0.00.1). A comparison of the 
D NA synthesis and the ET AF release of psoriatic cultures showed 
that the curves ran parallel initially (days 1-10), but later ETAF 
decreased despite a continued hi gh level of DNA synthesis 
(Fig 3) . 
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Figure 3. Extracellular release of ET AF (.-.) and incorporat.ion of 
[3H[Tdr into DNA ('Y-'Y) in keratinocytes cultured from uninvolved 
psoriatic skin. Values arc mean ::t: SD (n = 12) . 
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T he DN A· content and the cell viability as assessed by trypan 
blue exclusion were similar in norma l and psoriatic cu ltures of 
keratinocytes (data not shown). 
D ISCUSSION 
In thi s stud y we have demonstrated that cultured hum an kerat-
inocy tes form ETAF in biologicall y 'active concentrations . At the 
concentrations nl.easured in the supern atants, ET AF has the ca-
pacity to st imulate the growth of human keratinocytes in vitro 
[4]. Further support for a causa l relations hip between ETAF re-
lease and keratinocy te growth comes from the observation that 
the ET AF release in normal hu ma n keratinocyte cultures Auc-
tuates in parallel with the DNA synthesis, and that both activities 
reach a maximum before complete conAuency occurs . To prove 
that high ET AF release from kerat inocyte cultu res no t on ly re-
Aects a general increase in the metabolic activity, specific inhib-
itors of th e ET AF synthesis wouJd be required. To our knowledge 
such agents are not avai lable at present. 
As mentioned above, the ETAF release reached a maximum 
before c~lture conAu ency. It is possible that conAuency suppresses 
ETAF production. Such a phenomenon has been observed with 
the prostaglandin E2 release from human keratinocyte cu ltures 
[1 0], In contrast, nonconAuent keratinocytes produce high amounts 
of prostag landin E2 which ca n stimulate DNA synthesis [10]. [n 
this context it is of interest that th e formation of ET AF and 
arachidonic acid metabolites may be interrelated. Thus, the effect 
of in terleukin 1 (and likely ETAF) are in certain tissues mediated 
via the release of prostagland ins [11-13], and more recently it has 
been suggested that arachidonic acid metabolites may control the 
production of ETAF [14]. 
In keratinocyte cultures obtained from uninvolved psoriatic 
skin, both the ET AF release and the DN A synthesis were initially 
similar to those of norm al cu ltures. However, from the time of 
complete conA uence the curves of ETAF release and DNA syn-
thesis diverged. While ET AF, both intra- and extracellularly , 
decreased, the DN A synthesis was maintained at a hi gh level. 
T hi s increased D N A synthesis of psoriatic cultures is in agreement 
w ith our previous results [3] . [n the former study the increased 
DNA syn thesis was confirmed by autoradiography. T he contin-
ued growth of keratinocyte cu ltures from uninvolved psoriatic 
skin indicates that the growth of psoriatic keratinocytes is not 
under the contro l of ET AF. Potential ca ndidates as growth-stim-
ulating fa ctors in psoriatic cultures are metabolites of arachidonic 
acid. Both 12-hydroxyeicosatetraenoic acid and Icukotriene B" 
have th e capacity to stimulate the D NA synthesis of human ke-
ratinocytes in vitro [15] and of gu inea pig epidermis in vivo [16J. 
Combined with the fact that the activity of both phospholipase 
A2 [17] and 12-lipoxygenase [1 8] are stimulated in psoriatic epi-
denni s, these findin gs are suggestive of an association between 
abnormal g rowth and abnormal acid metabol ism in uninvolved 
psoriatic keratinocytes. However, no experimental data arc avai l-
able on the format ion of arachidonate derivatives by cultured 
psoriatic keratinocytes. 
Our demonstration that keratinocyte cul tures from uninvolved 
psoriatic skin release normal levels of ETAF indicates that there 
is no intrinsic abnormali ty of ET AF production in psoriatic ke-
ratinocytes. Our data are indicative of a relation between ET AF 
formation and D NA synthesis in normal keratinocyte cu ltu res. 
It remains to be established, however, whether this relationship 
is ca usa l. 
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